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Only new results since last year's Moriond are shown

Thanks to all colleagues at the Tevatron for their contributions for this talk
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Tevatron Performance

DO & CDF Run Il Integrated Luminosity through 18 February 2006
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D® and CDF in Run Il
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Muon chambers/scintillators
+ New Electronics, Trig, DAQ

Upgraded muon detectors
New TOF detector

Upgraded muon coverage o
[
e New plug calorimeters
o
[

New tracking system

New silicon tracker + trigger
New solenoid

New preshowers

Run lla

New drift chamber
New silicon tracker + trigger

Run b upgrades (Tracker, Calorimeter, Trigger) taking place
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w Layer Zero upgrade for D@ in Run Ilb

L@ for SMT Tracker Solenoid Magnet

\ n=0
Muon Scintillators

v 4

| Muon Chambers -

protons,

B  Shielding

Layer O now inserted
and fully read out

Electronics Preshowers

Excellent noise performance:
S/N = 18

Lars Sonnenschein LPNHE, Universités Paris VI, VII HCP 2006, Durham/5




EW constraints on Higgs

my Constrains in the Standard Model LEPEWWG 18/03/2006
——— B
{ —LEP1 and SLD |
80.54 LEP2 and Tevatron (prel.) 5
68% CL === [ D2749+0.00012
— 4 we» incl low 0° data -
>
® A
©. 80.4- = 3 |
=
2__ =5l
80.3 14 -
150 175 200 30 100 300
m, [GeV] m, [GEV]
Direct Searches at LEP2: my < 175 GeV ©95%C (EW fit)
my > 114.4 GeV @95%CL (< 207 GeV if LEP2 limit included)

A light Higgs is favoured
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Standard Model Higgs Production

e Production cross sections are small:
0.1-1 pb depending on mg,
1 in 10'2 pp events is a Higgs

e my < 135 GeV: decay into bb:
gg — H — bb overwhelmed by
multijet (QCD) background

— Searches can

with lower background

— Best channe_ls: )
WH — ¢vbb, ZH — vvbb

e mpy > 135 GeV: decay into WW:
gg — H— WW® = ¢+i—up
WH — WWW®) final states
can be explored

be performed
in W/H associated production
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o{pp—> H + X) [pb]
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x| H— bb " ( / )
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Dominant decay modes

If light SM Higgs we have already some in our data
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Backgrounds and Tools

Understanding and modeling of Measurements also rely on:
background is crucial e Jet reconstruction
e In particular for advanced e h-Tagging:
analysis techniques — Based on Track Impact

Parameter (IP) measurements or

e Electroweak Backgrounds _
Secondary Vertex reconstruction

(W, Z,WZ, WW, Top):

— Monte Carlo distributions
normalized to (N)NLO
Cross sections

e Multijet (QCD) and instrumen-
tal background taken from real
data control samples

e Lepton identification

e Missing transverse energy

Both, D@ and CDF detectors provide the excellent performance needed

First check understanding of background
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e Understanding and rejection
of background is crucial

e Comparison of jet multiplicities and
distributions in data and MC
— PYTHIA 6.319 vs. Sherpa 1.0.6

— Sherpa: Matrix element
+ parton showers using CKKW

matching algorithm

data w/stat error

& =—____DO Runll Prelimina data wistat &
qc’ 10! - ] v i P;thi:;nge:tiienor
lﬁ 10° [ Pythia range stat & sys
G I
3 10 L
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1 1
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Jet Multiplicity
< C
T4 L)
£ 2 EE-1 B
o ; ZT 1
; 1 = Ll * T T
© o
(@] i
02 1 2 3 4 5 6
Jet Multiplicity

¥ 7/ — eet jets

e Event selection includes:
— Electron pr>25 GeV, |n|2.5/1.1

— pr(jets)>15 GeV
— 70 GeV < m. < 120 GeV

Sherpa agrees well with data up to Njet =4
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Data / SHERPA
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data w/stat error
'_| DO Runll Preliminary i gf:r;ﬁs:;:esf;fm
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Jet Multiplicity
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ZH—>vVbb Search, Signal Region

-
G | CDF Run II Preliminary
2 6F 1
2 6f 289 pb ,
£ f __ ZH™0
Q 5( M,=120 GeV/c?
L B -=- Data
4 - 1 B ceo-Mistag
i Wor
af [ w/z/bi-boson
e Event selection includes: 2f
> 1 tagged b-jet 1f
. ith V ET,jj = 54.7 GeV -
2 jets with B >60/25 Ge Fr = 144.8 GeV e
Fr > 70 GeV m;; = 82.1 GeV Di-Jet Mass (GeV/c?)

e Backgrounds:

W/Z + heavy flavour jets e my = 120 GeV, 80 <m;; < 120 GeV

Multijets (QCD) — 6 events observed
DISeEEeE — 4.36 + 1.02 predicted
— 095 — 4.5 pb

Mis-tagged b-jets
Top pairs
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e Improved event selection includes:

7 H — vubb

e my = 115 GeV, 75 < mj; < 125 GeV:
— 2 Acoplanar jets with E7 > 20 GeV _ 11 events observed
— Fr > 50 GeV — 9.4 £ 1.8 predicted
— Sum of scalar jet B < 240 GeV S EE S sil
- Sevareie analyes Gy Shge ond e Using this analysis, limits on W H with
double b-tagged events, combined later: sz lepien G 'be plface.d
= Improves combined limit on W H
— Increased statistics
10
> 19 —- 1R
é 9f—D¢ Run Il Preliminary DATA 8_10 = D@ Run Il Preliminary
C —— — B ST _ -1
£ 70 [ 1 Wji/Wbb =k e
E o I Instrumental t - 95"{1C.L. upper limit Measured
- I tt/single top L 10y e e -— —e
St T W2z % F Expected
3 i -
= t - Standard Model
21 1210t e
1:_ \Q-/- ; --------------------------
Ei L1 = | blO'Z_ .|....|....|.....
0 50 100 150 200 250 300 350 40 110 120 130 140
Dijet invariant mass (GeV) Higgs Mass (GeV)
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Events / 20 (GeV/cz)
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— Separate analysis for single and
double b-tagged events (NN b-tagger)

— pr(jets)> 15 GeV

— Electron or muon with pr >20 GeV

— ET > 20 GeV
CDF Run Il Preliminary (695 pb
100 ry (695 pb’)
B —e— Data
: |:| W+Heavy Flavor
80| [ ] mistag
- [ Non-w QCD
I [ ] biboson/z® 1t
60 [ ] ti(6.7pb)+Single Top
r Background Error
i Bl WH x 10 (m,=115GeV/c?)
401
20
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. 2
Dijet Mass (GeV/c")

1%
W, £ <€/u

e Muon and electron channel combined:

CDF RUN 11 Preliminary(695pb )

=
o
N
T

=
o

Data
Pseudo-Experiment +1o
NLO Standard Model Higgs

CDF RUN Il WH- Ivbb Search (319pb™)

[ERN

o(pp —» W*H) x BR(H - bb) (pb)

[ —
Q
N

‘\\\\‘\\\\

=
Q
N

110 115 120 125 130 135 140 145 150

(Observed Events(Before b-tagging) 10647

Higgs Mass (GeV/cZ)

Mistag 41.8 + 9.0
Whb 120.2 & 41.1
Wee 33.7 =& 115
We 25.0 + 6.5
t(6.7pb) 37.8 + 6.4
Single Top 20.1 + 2.1
Diboson/Z% 3 77 LG + 1.7
non-W QCD 20.5 + 5.1
Total Background J318.8 £ 547
Observed Events{>1tag w/ NNtag) 332
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DI WH—/(vbb,(=e,

e New muon analysis

Re-optimized electron analysis

e Event selection includes:

— Central isolated e/
— Fr > 25 GeV

— 2 jets:
Er > 20 GeV, |n| < 2.5
one or two tagged b jets

e Limit from combined channels:

— myg = 115 GeV, 75 < mj; < 125 GeV

Separate single and double b tag analyses

events single tag | double tag
observed 32 6
predicted 45 9.3

* 095 = 2.5 pb

Events / 20 GeV
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ttH — ¢+ 2q + 4b

e Look for final state with W W bbbb:

— Exactly one identified e or u

— 5 more jets, pr > 15 GeV

— Fr > 25 GeV

— At least 3 jets b-tagged

Source Yield
Mistag 0.49+0.010
Irreducible 0.36+0.07
Multi-Jet (QCD) 0.044+0.04
Total Background 0.8940.12
Signal (mpg = 115 GeV) | 0.0244-0.005
Observed 1

e Limit ( for cxBR(H — bb) )

— My = 115 GeV
09y — 0.66 pb

CDF Il Preliminary

Run 167551, Event 3626393

a2l

1.5=NJet 1: 73.8 GeV —

— 1_ ]
g I ~3.L,, =7.6mm 2
hl ' Muon 26.9 GeV S MET 48.1 GeY |
> = L =34mm,__ .. .
0.5 e =
r L,, =3.5mny s Jet 4: 23.6 Ge

0— /

¢t 5: 15.0 GeV

.o

11 | | i
-0.5 1] 0.5 1 1.5

1.5 1
X (cm)
. CDF Il Preliminary L =320 pb'1
10 |
3 - 95% C.L. Limit
—_ ——] standard Model o, x BR(H - b5)
é. 103__ E
@
0
(T .
" -
(14 R
o B
X 10 = =
b =
Tl b b b bv i b 1=
100 105 110 115 120 125 130 135

Higgs Mass [GeV]
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DO WH - wwwh - Rt X

DG Run Il Preliminary

% 103 e
. . O = B unlike sign
e Event selection includes: = Bl Ve sign
- o o E 102 = b—l
— 2 isolated like sign leptons 3 7 F 303 p
(ee, ep, pupr) :
— pr(f) > 15 GeV 108
— Fr > 20 GeV -
1=
0 50 4100 150 200
observed expected Mainly Di-bosons (W Z) M., (GeV)
o 102 = ; 5 :
ee 1 0.70 £ 0.08 2 E | D@ Run Il Preliminary
el 3 1.32 +0.23 S L GDFlpy
T 2 3.72+0.75 = F
r [ D@®363pbt T _
T e .| —@— D@ observed 95% C.L. limit
m S : : Fermiophobic Higgs
o Limit: :i B E Standard Model Higgs
T 40" [ i GO Rl proiminay
— 095 — 3.88 pb © ;
10—2_.i..i...i...i...i...
100 120 140 160 180 200

M, (GeV)
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H— WWt&

e Higgs mass reconstruction not
due to two neutrinos

N/

possible

e Exploit spin correlation to supress background

— A®(20) is particulary use

full

— Charged leptons from Higgs are collinear

Vv e’
— D ) Db
—< < =< >

4 W- e

e Event selection includes:
— Two leptons (e/u) pr > 20/10 GeV
— EI‘ > mH/4
— Di-lepton invariant mass
mye > 16 GeV

My < mH/2 — 5 GeV
— A®(4¢) distribution fitted to obtain 95% CL limit

e SM cross section still far away,

but 4th generation models get

ting closer

v, L =e, 1

CDF Run Il Preliminary, L, = 360 pb'1 1 DY/Z=I
N F ] WHjet/y
o 4.5 m WW )
S B WZAZZA+tt
+« m HWW130
S 35- — 10 x HWW
s -
2 25:
2=
1.5 _|
0.5F - :
| | |_l
0 0.5 1 1.5 2 25 3

dilepton azimuthal separation, A®,

CDF Run Il Preliminary

10’

=i
o

-

-
o
T

Standard m

o expected 184 pb~ 2004
observed 184 pb 2004

—*— expected 360 pb ™ 2005
*  observed 360 pb~ 2005

95% CL Limit on o(gg—>H)BR(H->WW) (pb)

110 120 130 140 150 160 170 180 190 zoo
Higgs Mass (GeVIc )
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w H—-WWY s 00 v l=e,

e L =950 pb—l - |_HIGGS MASS 160 GEV (After Cuts 1.7) | = &
= N Z->n [ ] QoD fakes
L [ QCD fakes = CIww
e cc and ey channels s [ R h 10[@ =i
10° ; < - : zte:));:v Higgs (x10) E B ! ‘1N61Z)IZGZeV Higgs (x10
e Event selection includes: - . -
102§ o 1
— lsolated e/ 10}
F 10-1
— pr(£1) > 20 GeV i
90 GeV A ¢ (e, p) (rad)
o e
ET - 160 GeV Higgs (x 10)
e Veto on ok D@ Run Il Pretiiinary, ~950 pb™
= - svey
— Z resonance <1021 Z : /f)/&/gv
o = o 959% CL Limit
— Energetic jets - w oo . Expected
1 10 B j —— Observed
e my = 120 GeV: % = ©
1 bserved > + 8 0 Tm= =
— 31 events observe © 1g -g Ath Generation Model
— 32.742.3 (stat) predicted - E
— Background systematic 10" - / Standard Model
uncertainty 15% SR
100 120 140 160 180 200
— 095 = 6.3 pb Higgs mass (GeV)
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DEY) Combined SM Higgs Limits

e New combined limit from all SM

Higgs search channels!

e 14 orthogonal search channels (incl.

single and double tag analysis and
W H — fvbb with missed lepton)

Sour ce WH — evbb WH — pebb WH — febb ZH — wwbb WH = WW*W~- H = W+W-
Luminceity x X x X X '

Jet Energy Seale b L ¥ X ;

Jet ID ) ) » )

Electran ID : ‘ .
Mucn [D ; ; ;

b-Jet Tagmng » X ¥ X

Background « x X ¥ X X

e Full account taken of systematic un-

e CLs (LEP) method used for combination

— CLs confidence interval is normalization of CLs.p

— Cls.g = signal 4+ background hypothesis,
CLg = background only hypothesis,

— CLS = CL5+B/CLB, CL5+B
using a “test statistic”

— Test statistic used: Log-Likelihood Ratio

LLR= —21n () generated via

Poisson statistics Q = (s + b)%e=(57%) /e=0pd,

s=sig., b=Dbak., d=data

+W-)

Limit / o(pp—WH/ZH/H)xBR(H—bb/W

& CLg are defined

Tevatron Higgs combination effort started

certainties

e High mass region benefits from

H — WW analyses

L. D@ Run " Prellmlnary ............. ............... .............. .......... 9

Combination Expected (261-385 pb™)

Combination Observed (261—950 pb'1)

.\

)

110 120 130 140 150 160 170
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DES SM Higgs Limits

Tevatron Run II Preliminary

IR ‘ T T l T T ‘ T T ‘ 1T T | T T | 1T T ‘ T T ‘ T
ttHottbb
CDF: 320 pb

I\\\I\T

WH—Ivbb
CDF: 695 pb WH->WWW,
CDF: 194 pb’

\

*) —
WH=WWW H->WW “Slvly T
DO: 363-384 pb” CDF:360pb™ -

 ZH Svvbbtl
~D0: 261 pb , «¢

-

HoWW—Ivly
D0: 950 pb ™ (no pvuv)

|

95% CL Limit/SM
=

10

WH—sIvbb ;
DO: 378 pb

D0 combined |
incl. HHOWW—-puvuv 325 pb

April 20, 2006
\Ill\l\l‘lll\’\I\I‘\I\I‘I\I\'\I\I|II\\’\I\||\I\

110 120 130 140 150 160 170 180 190
m,, (GeV)
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Sensitivity Prospects

6 more lumi, analyses improvements and combination with CDF
will decrease cross section factor from 15 to 1

- Equivalent Luminosity | Cross section factor Cross section factor
Ingredlent gain @ my = 115 GeV myg = 115 GeV myg = 160 GeV
Today with 330 fb—! — 15 12
L=20f"! 6.00 6.1 4.9
NN b-tagger 2.50 3.9
NN Analyses 3.0 2.2 2.8 (smaller gain)
Track Cal Jets 1.40 1.9
Increased Acceptance 1.20 1.7 2.5
New channels 1.20 1.5 2.2
Reduced Systematics 1.20 1.4
D® CDF Combination 2.00 1.0 1.5
OK with 2 fb~! 1.52 x 2 fb='=4.5 fb~! needed

= 095% CL exclusion for my = 115 — 180 GeV with 6 fb—'
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e Two complex Higgs doublets needed to avoid anomalies

e Eight degrees of freedom minus W™, Z° longitudinal polarization states

= five scalars predicted: h, H, A, HT H~

e CP-conserving models: h, H are CP-even, A is CP-odd

o At treee-level, two independent parameters:

— tan @ = ratio of VEV's

e Five more parameters intervene through radiative corrections:

— Msysy (parameterizes squark, gaugino masses)

— X; (related to trilinear coupling A; — stop mixing)

— M5 (gaugino mass term)

— 1 (Higgs mass parameter)

— Mgluino (cOmes via loops)

Could have light Higgs
but with small couplings

e = Study 2 x 2 scenarios (cf. M Carena et al., hep-ph/051123)

Parameter || mp—max | no-mixing
MSUSY 1 TeV 2 TeV
X 2 TeV 0
M, 200 GeV 200 GeV
1 +200 GeV | 200 GeV
oy 800 GeV | 1600 GeV
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DEJ Neutral MSSM Higgs — 77

Different 7 hadron decay topologies
identification via NN (D@

4

e Limits derived from My;s = \/Puis(T1) + Pus(m2) + Fr

likelihood fit /
e Standard Model Backgrounds:

Track /
— Z — 77 (irreducible background) / /

— Z/v* — ee/up, multi-jet, W — v, Di-bosons (Typel) (2) 3) (QCD-Jet)
| Channel | Data |  Expected Background
€+ Thad | 484 | 427.3+55.3 (stat@sysdlum)
D@ | pt+ Thad | 575 | 576.3£61.5 (statPsysdlum) Observed 487 events
etp | 42 | 43.5%53 (statdsysdlum) CDF  Expected: 496+5.4 (stat)+£27.7 (sys)=24.8 (lum)
>1°3§ L L L R B CDFRunIIPrellmlr'l:slr;.r,31Dpt}1
& | D@325pb’ ° gata 150 Gevt % s
© [ TeyThaSelection ool ¥ 100y % = Hla §—5TT (a 95% CL) |
1 Wz E I“jngEarr
oo D‘?vc: - B tt, w, Ziy—eeup
e | I Zoee 10} I jet 1 fake 1
o 10F Il Di-boson = m, = 140 GeV/c?
E N 1F 1 |
1=
i 0.1
101 = Y =
0 50 100 150 200 250 0 50 1 00 150 200 250
M, [GeV] m . (GeVic?)
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PEY Neutral MSSM Higgs

Analysis including e+ 744, 4+ Thad, €+ channels

NN used for 7 identification
Invariant mass distribution fitted to derive limit

Results combined with hbb(b) — bbb(b) channel

T's become important!

en 100
S 90— E
b C 7
80— =
70 =
60 =
50° ) DD <0 E

40 [ DO u>0 ]

— D@ ttp<d

30 DO 260-325 pb' ... p@ -0

20 CDF 310 pb” CDF 1 <0 —

10 CDF 1t u>0 3

80 100 120 140 160 180 200

M, [GeV]

— TT

3102 F T 1 L ]
2 - D@ 325 pb! — observed limit -
> F expected limit
S e I < 16 band ]
T A\ + 26 band

2 10 s CDF obs. limit —
o - CDF exp. limit 7
m i
X r _
A I —
I

Q. 1

Q. o

N L

© C

| 1 | ‘ | | ‘ | 1 | | |

100 150 200 250 300
M, [GeV]

90 =
801 =
0F -
c DD p<0 ]
soL WDBu=0
50 — DB tTp<0
o0 | D@ tTu>0
30 CDF 17 u<0 _
CDF 1t >0 1
20 E

10

80 100 120 140 160 180 200

M, [GeV]
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Charged MSSM Higgs

t — bH™ (my+ < me—mp) e Major decay modes: HT — 77 v, ¢s, t*"b—Wtbb, Wh—W*bb
e BR's depend on tan 3 and my+ (different from W+ BR's)

Final state bg events | SM exp. | data
20+ jets 2.7+£0.7 11 13 )
0+ jets (10) | 20.3£2.5 | 54 49 _,  Consistent
0+ jets (> 2b) | 0.94£0.1 10 8 with SM
L =193 pb~—! (+7+ jets | 13402 2 D
No-mixing benchmark scenario mp—max benchmark scenario
t — H b search CDF Run lI t — H" b search CDF Run I
uded 95 %CL m= 175 GeVic 2 JLdt=193pb " Excluded 95 %CL m,= 175 GeVic 2 JLdt=193 -1-160

——160 160

—— SM Expected
|:] SM + 1 ¢ Expected

— SM Expected
|:| SM + 1 6 Expected

" §§ g [ CDF Run Il Excluded : [ COF Run Il Excluded
§ 12 § » [ LEP Excluded 120 120 [ LEP Excluded 120
[ e
e
10 = 100 100 100
T / : _
E 8 80 80
60 60
1 2 1 2
10 10 10 10 10 10
tan(p) tan(f)
Mgysy=1000 GeV/c 2, n=-200 GeVic 2, A =A,=ultan(B), A =500 GeVic > Msysy=1000 GeV/c 2, u=-200 GeVic 2, A=A ¥ \6M s +u/tan(B), A =500 GeVic °
M,=0.498*M ,, M,=200 GeV/c 2 M,=800 GeV/c 2 M =M ;=Mp=Mg=M =Mg sy M,=0.498*M ,, M,=200 GeV/c 2, M;=800 GeV/c ?, M =M =Mp=M =M =Mgysy
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Summary

e Tevatron and Experiments are performing well

e A wide range of Higgs Searches has been performed
by both CDF and D@ with up to 1 fb~! Run Il data:
- No deviation from SM background expectation observed
- No signal observed in MSSM Higgs search

Work under way to improve Sensitivity
- First combination of all SM channels from D@

- D@-CDF combination efforts started

e Very exciting SM Higgs prospects for the future:
- Sensitivity to my > 114 GeV starts with ~ 2 fb™!
- Exclusion up to 180 GeV possible with 6 fb—!
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DEY SM Higgs Sensitivity

New Higgs sensitivity study from CDF + D@ in 2003:
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Improved sensitivity from refined analysis and detailed simulation

The SM Higgs is a challenge, understanding of backgrounds is crucial
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D> MSSM Higgs

e m;'** and no-mixing scenarios with ;¢ < 0 and p > 0

e bb and 77 Higgs decay channels are complementary
e Projections are based on current analysis techniques

e Many improvements being implemented
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